Glucose uniformly labelled with 14C and labelled with in various positions has been used to evaluate therecycling of glucose in the intact animal and in isolated preparations (for a review, see Katz & Rognstad, 1976) . Complete recycling of glucose through lactate via the Cori cycle can remove 3H from all the positions in glucose. [6-3H,U-14C]Glucose is generally used to measure more specifically this complete recycling, since jH in position 6 is lost at the level of pyruvate/phosphoenolpyruvate by carboxylation and decarboxylation. Recycling between glucose and triosephosphates removes the 3H from positions 3,4 and 5 of glucose by isomerization of triose phosphates and re-condensation into fructose diphosphate. Recycling between glucose and hexose 6-phosphates labilizes the jH from position 2 and, when transaldolase is present (e.g. in the liver), from positions 4 and 5 under the action of transaldolase, triosephosphate isomerase and aldolase. jH from positions 1 and 3 of glucose can also be labilized by oxidative decarboxylation in the pentose phosphate cycle.
Fate of jHfrom various positions in glucose Glucose uniformly labelled with 14C and labelled with in various positions has been used to evaluate therecycling of glucose in the intact animal and in isolated preparations (for a review, see Katz & Rognstad, 1976) . Complete recycling of glucose through lactate via the Cori cycle can remove 3H from all the positions in glucose. [6-3H,U-14C]Glucose is generally used to measure more specifically this complete recycling, since jH in position 6 is lost at the level of pyruvate/phosphoenolpyruvate by carboxylation and decarboxylation. Recycling between glucose and triosephosphates removes the 3H from positions 3,4 and 5 of glucose by isomerization of triose phosphates and re-condensation into fructose diphosphate. Recycling between glucose and hexose 6-phosphates labilizes the jH from position 2 and, when transaldolase is present (e.g. in the liver), from positions 4 and 5 under the action of transaldolase, triosephosphate isomerase and aldolase. jH from positions 1 and 3 of glucose can also be labilized by oxidative decarboxylation in the pentose phosphate cycle.
In a series of publications from Lardy's laboratory, it has been suggested that the phosphorylation of fructose 6-phosphate in the liver, as measured by the release of jH20 from [5-3H]glucose, could be the site of the hormonal control of gluconeogenesis (Clark et al., 19746; Kneer et al., 1974) . We have reinvestigated this effect of glucagon on the release of jH from positions 2 and 5 of glucose.
Effect of glucagon on the release of 3H20
The best established effect of glucagon, cyclic AMP, cyclic GMP and adrenaline on liver cells is to increase glycogenolysis by activation of phosphorylase (see, for instance, Soderling & Park, 1974) and consequently to increase the concentration of glucose 6-phosphate (Hue 8c Hers, 19746) . If, as expected, the rate of conversion of [3H]glucose into glucose 6-phosphate is not changed, the specific radioactivity of this ester will be lowered, and the release of from positions 2 and 5 will be decreased in a proportion that can be predicted from the K, of hexose 6-phosphate isomerase and trans- tween fructose 6-phosphate and fructose diphosphate, and they have on this basis proposed an elaborate hypothesis on the control of carbon flux by glucagon at the level of phosphofructokinase and hexose diphosphatase. They did not take into account the removal of jH from [5-3H]glucose by transaldolase and triose phosphate isomerase and discarded a dilution effect because they did not find a change in glucose 6-phosphate concentration in cells that had been incubated for 30 min in the presence of 8 6 n~-glucagon. However, the concentration of hepatocytes used by these authors for the measurement of metabolites was fourfold higher than the one used in their other experiments, where jH release into water was measured. (Desbuquois et al., 1974) prolonged the effect of glucagon up to 20min. By contrast, with a low concentration of hepatocytes, the effect of glucagon persisted for at least 30 min. This explains why, in the experiments by Clark et al. (19746) , the cumulative effects of glucagon (increased glucose output, lower 3H release) were clearly perceptible, whereas a change in glucose 6-phosphate could have completely disappeared. Table 2 shows the rate of 3H release into water from [3H]glucose and the concentration of glucose 6-phosphate measured in isolated hepatocytes (40 mglml) incubated for 20 min in the presence of bacitracin with or without 2p~-glucagon and 5m~-fructose. In hepatocytes from well-fed rats, glucagon and fructose decreased the 3H release into water from [2-3H]-and [5-3H]-glucose and increased the concentration of glucose 6-phosphate. When fructose and glucagon were added together, the concentration of glucose 6-phosphate was further increased with no effect on 3H release when compared to fructose or glucagon alone. The differences in the release of 'H20 in the presence of fructose, glucagon or glucagon+fructose were not statistically significant. In hepatocytes prepared from overnight-starved rats, with a glycogen content equal to 0.59 rt 0.06 pmol of glucose equivalent per g of liver cells, no significant effect of glucagon was observed on 3H release and glucose 6-phosphate concentration. Fructose induced an increase in the concentration of glucose 6-phosphate and a significant decrease of the 3H release from [2-3H]glucose but not from [5-3H] glucose. The last result was due to the dispersion of the values; from three experiments performed with different preparations of cells, two showed a decrease but the third one did not.
It can be concluded that, in our hands, a decrease in 3H release occurred only when glucose 6-phosphate concentration was increased. Our results with cells prepared from overnight-starved rats are however in contradiction with the results of Clark et al. (19746) . The difference may be due to the fact that the concentration of glycogen in hepatocytes from 24 h-starved rats, that were used by these authors, was higher than in hepatocytes from overnight-starved rats. We have found values equal to 0.59 f 0.06 (s.E.M., n = 3) and to 2.33k0.70 (s.E.M., n = 8)pmol of glucose equivalent per g of liver cells from rats starved overnight or for 24 h I spectively.
Quantitative interpretation of the decrease in 'H release If 3H release from [2-3H]-or [5-3H] -glucose was a first-order reaction, a dilution of the radioisotope by unlabelled substrate would not modify the amount of 3Hz0 formed; by contrast, if the reaction is zero-order, the reaction rate will not be influenced by a higher substrate concentration and the amount of 3H released to water will be decreased in proportion to the change in specific radioactivity of glucose 6-phosphate. We have found that the apparent K,,, values for the rate of removal of 3H from [2-3H]-and [5-3H]-glucose 6-phosphate, catalysed by the enzymes present in a liver 'high-speed' supernatant, is equal to about 60 and 5 O p~ respectively. One can calculate that when the concentration of glucose 6-phosphate is increased from 40 to 1 0 0 ,~~ (values found in cells without and with glucagon or fructose), the rates of the reaction will be increased about 1 S-fold, whereas the radioisotopes will be diluted 2.5-fold. In these conditions, the release of 3Hz0 would be decreased by about 40%. These values are in rather good agreement with the mean decrease of 3H release (about 30%) that we observed after glucagon and/or fructose.
Fructose 6-phosphatelfntctose diphosphate recycling
The recycling of hexose phosphates by phosphofructokinase and hexose diphosphatase combined with the reactions catalysed by aldolase and triose phosphate isomerase, would cause an exchange of hydrogen in positions 3 , 4 and 5 of the substrate, together with a randomization of carbon between the upper and the lower half of the molecule.
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